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FOREWORD 


This  report  was  prepared  by  Thiokol  Chemical  Corporation,  R traction 
Mo  ors  Division,  under  U.  S.  Army  Contract  No,  DA  -  1 1  -070-AMC -852{  W  }  . 
It  covers  v.o~k  done  in  the  second  quarter  of  the  program  during  the  period 
19  May  1965  through  18  August  1965.  Mr.  Z.  T.  Ossefort  of  Rock  Island 
Arsenal,  Illinois  is  the  Project  Engineer.  Contributors  at  Thiokol  are,  Mr. 
Nathan  Mayes  (Principal  Scientist;  and  Mr.  Alan  Jackson. 
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Investigation  of  tdi be race- silcxane  polymer  synthesis  was  continued, 
polymeric  products  with  the  structure 


•  "~H5 


CH3 
t.  3 


OjSi  (CH2}3  CBi0H;,C  (CH2}3Si 


:h 


CH, 


were  prepared  by  silyiaikoxy-silyihalide  condensation  polymerisation, 
hydrolysis  condensation  polymerization  of  siiyihalides,  and  by  ring-open¬ 
ing  polymerization  of  a  cycloslioxane.  Thermal  stability  of  carborane- 
Siioxane  polymers  was  deteimiued  by  thermogravimetry  and  molecular 
weight  changes  in  heat  treated  materials*. 
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I.  INTRODUCTION 


The  objective  of  this  program  is  the  syr'feo-sts  of  thermally  stable  car- 
»rane  s Hexane  elastomers.  Carborane  silos >n?  polymers  have  bees  pre- 
ired  previously  which  contained  carborane  ■s-A.ber  is  the  backbone  or  as 
meant  grouos  (Ref  1  and  2).  ~'hese  polym-.ra  were  thermally  stable  to 
mperalures  above  400°C  as  s  own  by  TGA.  7.  hey  were  also  elastomeric 
hen  the  carborane  units,  either  backbone  or  oesdant,  were  sufficiently 


iclentlv 


paced  to  permit  chain  flexibility.  The  structures  with  pendant  carborane 
roups  had  backbones  that  were  wholly  or  primarily  repeating  siloxane 
roups  and  as  such  are  capable  of  undergoing  thermal  rearrangement  to  form 
table  siloxane  cyclic  compounds.  Moreover,  the  previously  prepared  back- 
one  carborane  siloxane  polymers  were  potentially  hydrolytically  unstable  due 
j  the  presence  of  sii  ton- carborane  linkages  which  in  analogous  monomeric 
om pound s  have  bet*,  shown  to  be  readilv  hvdrolyaed. 


The  choice  of  structures  to  be  investigated  on  this  program  was  influenced 
ry  the  foregoing  considerations  and  as  a  result  the  structure  that  was  considered 
to  be  most  favorable  for  the  objective  was: 


(CHI,),  CB ,*HI5C 


C  TH,),  5i 


It  was  anticipated  that  there  would  be  no  silicos-carboraae  bonds  to  be  hydrolyzed, 
that  repeating  siloxane  linkages  that  could  decompose  through  cyclic  siloxane 
formation  would  be  minimized  and  that  the  polymethylene  and  siloxane  groups  in 
the  backbone  would  give  flexible  chains. 


The  program  was  initiated  with  the  preparation  of  silane,  carborane,  and 
carhoraae-silane  compounds  for  use  in  the  preparation  of  polymers  with  structure# 


the  desired  type.  Among  the  materials  prepared  were:  (I)  chlorodimethylsilane, 
}  tetramethyldisilcxaae,  (3*  1 , 7 -diallyl -nr- -carborane ,  and  f 4 )  l,7-bis[' 

5  ’  -modirr.*  thylsily!) propyl] -m-carborane. 


Polymerization  studies  were  begun  and  several  methods  of  obtaining  the 


r**£^  S*  ej ** pfj 
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polymerization,  aikoxysilzae-halosilane  condensation  polymerization  and 
hydrolysis  condensation  polymerization*  The  silylhyd ride -addition  poly¬ 
merization  which  involved  the  catalyzed  reaction  of  tetramethyldisiloxane 
with  1  ,7-diallyl-m -carhorane  yielded  low  molecular  weight  products*  On 
the  basts  of  these  results  and  the  inability  of  a  number  of  other  investigators 
(Ref  3,  4  and  5)  to  achieve  high  molecular  weight  products  from  silylhydride- 
addition  polymerization,  this  avenue  o(  investigation  has  been  abandoned*  The 
other  polymerization  methods  appeared  more  promising  and  their  investigation 
was  continued.  One  of  the  products  obtained  from  the  hydrolysis  condensation 
polymerization  of  1 , 7 -bisfs -  (cMorodimethylgiiyi  ipropylj  m  -carborane  was 
particularly  interesting  since  it  appeared  to  be  a  m^-carborane  eyclosiloxane 
that  might  be  capable  of  ring-opening  polymerization.  As  a  result,  most  of 
the  synthesis  work  of  the  second  quarter  of  the  program  has  been  concerned 
with  the  preparation,  characterization  and  polymerization  of  this  suspected 
m  -carborane  eyclosiloxane*  In  addition,  a  new  c a rbo r ane - s iioxane  monomer 
was  prepared,  investigation  of  alkoxysilaae-halosllane  polymerization  was 
continued,  and  characterization  of  ca  rbo  r  ane  -  s  iioxane  polymer  thermal  and 
thermal-oxidative  stability  was  initiated* 
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H.  TECHNICAL  PROGRESS 


PHASE  I  -  MONOMER  AND  POLYMER  SYNTHESIS 
A*  Carborane  Intermediates  and  Monomers 

1.  1 ,7-Bis[3-\  chlorodimethylsiIyI}propylj -m -carborane. 

Elemental  analyses  together  with  infrared  and  n.m.r.  analyses  have  con¬ 
firmed  the  structure  of  1,7 -bis jj *  ( chlorodimethylsilyl } propyfl-m -carborane 
prepared  by  addition  of  two  moles  of  chlorodimethylsilane  to  one  mole  ©fl.7- 
diallyl-ra- carborane  (Ref  6}  , 

Calculated  for  C,  34,64;  H,  8.29;  B,  26,16;  Cl,  17.83; 

N.E,  206.8  Found:  C*  34,16;  H,  8,85;  B*  25,94;  Cl,  17,17;  N,E,  209-8.  . 

# 

2.  1,7-  Bis  £3  -  {  methoxydimethylsilyl)  propyij  -m-carborane 

The  preparation  of  1,7 -bisf}*  -  (methoxydimethylsilyl  }propylJ -m-carborane 
was  attempted  by  the  reaction  of  1,7  -bis  [3  -  (  chlorodimethyl  silyl }  propylj-m- 
carborane  with  excess  methanol  after  the  analgoos  procedure  to  prepare  1*7- 
bis (methoxydimethylsilyl ) -m-carborane  (Ref  7) .  Our  efforts  produced 
siloxanes  that  apparently  resulted  from  reaction  of  the  chiorosilane  cr  inter¬ 
mediate  metfcoxysilane  with  water  formed  from  reaction  of  hydrogen  chloride 
and  methanol  (Ref  8} , 


CH*  9^  * 

ClSiiGHzhC&nMizCiCHjiSiCl  +  CH,OH  - - - - -> 

CHj  CH, 


3 
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HC1  +  CHjOH  - >  CHjCi  +  H20 


ch3 

HzO  +  ClSi  ( CH2 )  3CD 10H, :  C 
CH3 


fH3 

{CH,)3SiCl 


CH3 


ch3  ch3 

OSi(CH2)3CB1oH10C(CH2)3Si 
CH3  CH3 


+  HC1 


x 


CH3  CpHj 

H20  +  CH3CSi(CH2)3CBioHi0C(CH2)3SiOCH3 
CH3  ch3 


■> 


ch3  ch3 

o Si  ( CHZ )  jCBiaH10C  ( CH2)  jSi 
CH3  ch3 


T  ch3oh 

x 


Modification  of  the  reaction  conditions  to  use  methyl  orthoformate  instead 
of  methanol  resulted  in  the  preparation  of  i  ,7-  315*3-  '\-ydirr  '  ' 

propyfj  -m-carborane  which  was  obtained  as  a  colorless  liquid  of  bp  142-150° 
at  0.02  mm. 


Calculated  for  CHH40B10Si2O2:  C,  41.54;  H,  9.96;  B.  26.71,  Si,  13.88, 


d:  C,  41,00;  H,  10.73;  B,  26.4;  Si,  11.11 


-  4 
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ch3  ch3 

CiSi  (CH2)  3CB10Hj0C{  CHZ}  jSiCI  +  2(CH30)3CH 
CH3  ch3 

ch3  ch3 

CH3OSi  ( CHZ }  3CB10Hj0C  ( CH2)  3SiOCH3  +  HCOOCH3  +  2CH3C 1 
CH3  ch3 


3  .  •  -Oxa-  2 ,  1  2-disiIa-2 ,  2 , 12 , 12,  -tetramethyi  -6 ,7,8-{l  ,7-m-carbor- 

anylene  cyclododecane 

Hydrolysis  of  1  ,  7 -bisQ-(  chlorodimethyisilyi)propylj  -m-carborane  yielded 
a  crystalline  product  which  is  apparently  a  12-membered  m-carborane  exo¬ 
cycle  . 

ch3  ch3  CB10H10C 

ClSi(CH2}3CB10H,0C(CH2)3SiCl  +  HzO  - >  (CH2)3  (CH2)3 

ch3  ch3  \  / 

C  H3  -  Si  -  C  -  Si  -  C  H3 
CH3  CHj 

The  crystalline  product  was  obtained  in  small  yield  «10%)  on  bulk  hydrolysis 
of  the  silane;  however,  yields  were  increased  to  45%  upon  use  of  acetone  as 
solvent.  The  remaining  portion  of  hydrolysis  product  was  Hnear  polymer.  The 
crystalline  material  was  isolated  by  sublimation  at  180-230  C/0.04  mm  Hg. 

The  sublimed  product  was  recrystallized  from  acetone-chloroform  to  yield 
wh::e  needle  crystals  of  mp  176. 5°C.  A  mass  spectrographic  analysis  showed 

9H3 

a  m/e  peak  at  284  which  be  fo"  the  fragment,  Si(CH2}3CBwHjoC(CH2}3. 

CH3 

No  parent  peak  was  noted.  Infrared  ii.  supports  the  proposed  structure 

with  absorption  peaks  at  2930  cm'1  for  th  Cil2,  at  2600  cm*1  for  BH,  at  1250 
cm'1  for  -SiCH3,  at  1175  cm'1  for  Si { CH2) jOB^HjoC ,  and  at  1052  cm-1  for 
Si-O-S:.  A  molecular  weight  determination  by  the  cryoscopic  method  supported 
the  proposed  structure.  An  n.m.r.  analysis  yielded  an  extremely  complex 
spectrum  which  did  not  prove  or  disprove  the  structure.  An  elemental  analysis 
did  not  support  the  structure;  however,  this  analysis  will  be  repeated. 

Calculated  for  CjiH^BjoOSi^:  C,  40.18;  H,  9.55;  B,  30,14;  Si,  15.66; 

mol .  wt.  358;  F  ound:  C,  42.64;  H,  1 0 . 58 ;  B  ,  27.66;  Si,  12 . 2* ;  mol .  wt.  377  . 


Report  RMD  5065-Q2 


8|aCT!ON  *0!0SS  OiVsSIC 


B.  POLYMERS 

1.  Alkoxysilane -Halos  ilane  Condensation.  Polymerization 

Previous  efforts  on  this  program  to  prepare  carborane-siloxane  polymer 
by  the  ferric  chloride  catalyzed  condensation  of  diethoxydimethylsilane  with 
1 ,7-bis[3-{chlorodimethylsiiyl)propyl3“m-carborane  yielded  a  low  molecular 
weight  liquid  polymer  (Ref  6).  A  similar  polymerization  was  recently  re¬ 
ported  to  give  high  molecular  weight  polymer  by  allowing  1 , 7 -bis (methoxy- 
dimethylsilyl) -m-carborane  to  react  with  1  t?-bi*5(  chlorodimcthylsilyl)-m* 
carborane  at  temperatures  up  to  23G°C  with  ferric  chloride  catalyst  (Ret  9'* 
This  procedure  was  used  on  Ciis  program  to  polymerize  1 ,7-bis£3-(tn-ftriOxv*' 
dimethylsilyl)propylJ-m-ca?boranc  and  l , 7-feisf3~(chlorodimethyisi^ /i)pi*opyll* 
m-carborane. 


CH3OSi  { C  H2 }  3C  B10HlcC  ( G  H2 )  3S  iOC  K, 
CH3  CH, 


CiBi(CH2}3C3lsH1$C(CH2)jSiCl 
CHi  CH, 


CH3  Ci 

OSi(CH2  )iCBieHmC  (CH,  }3Si 


CHiCl 


In  this  case,  however,  although  the  reaction  was  conducted  at  temperatures  up 
to  230°C  and  the  ferric  chloride  catalyst  was  added  itic-emestally,  relatively 
low  molecular  weight  product  resulted  as  determined  by  inspection  of  the  pro¬ 
duct  and  by  the  fact  that  only  70%  of  the  theoretical  quantity  of  methyl  chloride 
was  collected.  The  product  was  s  dark  colored. viscous  liquid.  The  color,  which 
was  apparently  due  to  the  ferric  chloride,  coaid  not  be  removed  by  was  h;  tig 
with  water,  acetone  or  chloroform.  This  type  reaction  doss  not  appear  to  be 
suitable  lor  the  preparation  of  high  molecular  weight  products  of  the  type  being 
sought  here. 


2.  Hydrolysis/Condensation  Polymerization 

The  polymeric  product  obtained  by  .lydrolysis  of  1 ,  ?~bis  js- {  chiorodi  - 
methylsilyl  }propyB-m  -  carborane  L-om  which  low  molecular  weight  product 
had  been  removed  by  subUmation  {”.e£  h)  had  a  molecular  weight  of  5200  as 
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determined  by  vapo**  pressure  osmometry.  An  ftftsrnot  t? 
weight  by  treating  the  polymer  with  sulfuric  aciu  was  so? 


5  iriv  rca the  mo!ecui«*.r 
successful. 


3,  R i ng-Opening  Po lyn  nTlz ation 


The  compound  proposed  to  be  I -mta-2, 12,-d&sil«~2,2*  1 2.  l2-tetrame£hyi* 
6 *? ,8*-(  1  ,7-m-carfaoranylertelcyciosQdecane  was  converted  to  polymer  by 
the  action  of  sulfuric  acid  aod  heat.  The  crystalline  oorr.ppusd  was  misted  in 
the  bulk  state  with  2  mole  percent  '  oneentraied  sulfuric  acid  and  i  tea  ted  above 
the  melting  temperature  at  IS5°C.  A  reaction  occurred  immediately  to  gtv$ 
as  increasingly  viscous  reaction  rows.  After  being  heated  for _.***»*  i»oui‘  and 
cooled  fo  room  temperature  the  product  was  an  elastomeric gnm,  The  gum 


was  completely  soluble  at  low  concentrations  in  aromatic  solvents  such  ss 


benzen#  and  toluene.  The  sulfuric  acid  catalyst  was  removed  from  the  gum 


by  washing  a  toluene  solution  with  water. 


A  small  amoiiiit  of  un reacted  starting  male  rial  remain^  In  the  g.un  and 
was  removed  by  sublimation  at  20bo/0.*H  mm  Hg.  Such  incomplete  C£s* 
to  polymer  Is  typical  of  cyciosiloxans  ring-opening  polyme-.zatlsn*  The  cdu~ 
version  of  dimethyleycloslloxanes  to  linear  polymer  <*-^s  not  exceed  90fe, 

The  product  always  contains  about  10%  of  the  starting  siloxanes  (Ref  10). 

The  gam  produced  by  ring-opening  was  very  similar  la  physical  properties 
to  the  gum  produced  by  hydrolysis/condensation.  The  latter  material  had 
a  molecular  weight  of  about  50*10  and  it  may  be  assumed  that  the  ring-opening 
product  was  of  similar  molecular  weight.  It  is  expected  that  the  molecular 
weight  obtained  by  ring-opening  may  be  increased  significantly  by  regulating 
the  catalyst  concentration  It  has  been  shown  that  polymerization  of 
ectamethylcyclotetrasiloxane  using  concentrated  sulfuric  acid  catalyst  yielded 
produc1  of  10,000  molecular  weight;  however,  upon  dilution  of  the  reaction 
mixture  with  water  the  molecular  'weight  increased  to  70,000,  Similar  pro¬ 
cedures  as  veil  as  investigation  of  other  acid  and  base  catalysts  will  be  in- 
'■estigated  fer  the  carborane-siloxane  ring-opening  polymerization. 

PHASE  II  -  EVALUATION  OF  POLYMERS  FOR  THERMAL  STABILITY 


Initial  thermal  evaluation  of  the  polymer  obtained  by  hydrolysis  of  1,7- 
bis|3- ( chlorodimethyisilyl) propyl]  -m  -carborane  was  done  by  TGA  In  air  and 
nitrogen  atmospheres  (Figures  1  and  2}.  Oxidative  thermal  degradation 
commenced  at  240°C  and  continued  with  weight  loss  to  about  500°C .  At  600°C 
a  weight  gain  occurred  'which  is  undoubtedly  due  to  the  oxidation  of  carborane  to 


7 


Report  RMD  5065-Q2 


X  -  s 


D-si-O 


iOiSiAiO  saoiow  n0uDV3* 


form  nonvolatile  boron  oxides.  The  oxidative  process  which  started  at  240°C 
is  at  least  partly  the  oxidation  and  splitting  off  of  methyl  groups.  This  process 
occurs  in  polydimethylsiloxanes  to  a  small  degree  at  20o°C  and  to  considerable 
extent  at  250  C  (Ref  II),  The  oxidative  degradation  must  also  include  another 
process  since  maximum  weight  loss  due  to  methyl  groups  could  be  only  1 7%, 

The  weight  loss  actually  observed  up  to  3?0°C  is  Z0%.  Beyond  3?0°C  thermal 
degradation  is  also  in  progress  as  indicated  in  Figure  2.  The  additional  oxidative 
process  probably  involves  scission  of  Sl-C  bonds  in  the  polymer  backbone  to 
give  volatile  fragments. 


Thermal  degradation  in  the  c a rbo rise-s Hexane  polymer  is  not  analogous 
to  thermal  degradation  in  polydimethyl s iloxane .  The  latter  polymer  thermally 
degrades  by  rupture  of  Si-O  bonds  starting  at  30O°C  and  becoming  very  intense 
at  400°C  {Ref  12).  Thermal  degradation  of  the  earborane-sUoxane  polymer 
starts  at  about  3?6°C  and  becomes  Intense  above  4©0°C.  The  driving  force 
for  the  rupture  of  Si-O  bonds  of  polydimethyl s iloxane  is  the  formation  of  cyclic 
siloxanes.  Such  cyclic  formation  is  enhanced  by  the  arrangement  of  the  chains 
in  a  helical  conformation  having  3-b  silicon  atoms  in  a  single  turn  of  the  helix. 
This  structure  favors  chain  rupture  with  resulting  ring  closure  at  high  temper¬ 
atures  *  The  earborane-siioxane  polymer  having  only  one  S-O  bond  per  twelve 
chain  atoms  would  have  to  form  a  helical  structure  of  exactly  twelve  atoms  per 
turn  in  order  to  decompose  analogously  to  polydimethyl  siloxane.  This  is  an 
extremely  unlikely  occur  ranee, 

TGA  is  a  valuable  tool  for  screening  the  thermal  stability  of  materials; 
however,  it  has  limitations.  The  earborane-siioxane  polymer  that  appears  to 
be  thermally  stable  to  3?0°C  may  be  degrading  at  a  lower  temperature  but  not 
forming  volatile  fragments.  A  method  of  determining  such  behavior  is  the 
measurement  of  polymer  molecular  weight  changes  that  occur  on  heating. 

This  study  was  initiated  by  investigating  the  thermal  stability  of  a  earborane- 
siioxane  polymer  of  the  structure 
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This  polymer  which  has  previously  shown  thermal  stability  to  over  400°C  by 
TGA  has  now  been  shown  to  undergo  competing  processes  of  polymerization 
and  depolymerization  at  high  temperatures.  Polymerization  occurs  through 
condensation  of  hydroxy  terminals  and  depolymerization  is  by  cyclic  formation 
as  in  polydimethylsiloxane.  The  data,  presented  in  Table  1,  show  that  thermal 
reaction  occurred  at  each  temperature  studied.  At  180°C  the  reaction  was 
exclusively  or  predominantly  polymerization  as  indicated  by  the  increase  in 
molecular  weight;  however,  at  200°C  an«  25Q°C  smaller  increases  in  molecular 
weight  indicate  that  depolymerization  must  also  have  occurred.  At  300**C 
depolymerization  resulted  in  a  net  decrease  in  molecular  weight.  Thus  the 
rate  of  depolymerization  increased  with  temperature  and  presumably  con¬ 
tinued  until  the  equillibrium  molecular  weight  was  reached, 

A  similar  study  will  be  conducted  with  the  carborane -stlox?,ne  polymer 
containing  carborane  in  the  backbone*  It  is  anticipated  that  this  material  will 
have  substantially  higher  thermal  stability  due  to  its  structure  which  discourages 
cyclic  formation. 


TABUS  I 

THERMAL  STABILITY  OF  PENDANT 
CARBORANE  SILOXANE  POLYMER 


Temperature, 


Time, 


Molecular  Weight 


°c 

hr 

Original 

After  Hi 

180 

40 

4500 

8300 

20O 

40 

4500 

5500 

250 

40 

4500 

4800 

S0O 

40 

4500 

4000 

300 

24 

7700 

4600 

300 

168 

7700 

1580 

350 

24 

7700 

2600 
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IH.  SUMMARY 

This  is  a  program  to  synthesize  thermally  stable  c  a  rbor ane - s iloxane 
elastomers.  The  polymer  structure  being  investigated  for  this  objective  is 
one  having  the  grouping 


9H3  CH$ 

—  O  Si  {CH2}3CBieHlsC{CH2)3Si  — 

ch3  ch3 

in  the  chain  backbone.  In  previous  work  on  this  program  silane  and  carborane 
intermediates  were  prepared  and  polymerization  studies  were  initiated.  Of 
the  methods  of  polymerization  studied,  polymerization  by  catalyzed  addition 
of  disilylhydrldes  to  diolefins  bas  been  abandoned  as  impractical  for  obtaining 
high  molecular  weight  products. 


The  continued  investigation  has  included  polymerization  of  siiylhalide  and 
siiyialkoxy  derivatives  by  ferric  chloride  catalysed  condensation.  This 
necessitated  the  preparation  of  a  new  carborane- silane  intermediate,  1,7-bisp- 
'  methoxydimethylcilyl} propylj -m-carborane .  The  alkoxy-halide  polymeriza¬ 

tion  yielded  low  molecular  weight  product. 

Hydrolysis -condensation  polymerization  of  1, 7-bis  *3  4  rhlorodimethyl 
silyl)propylj-m  -carborane  yielded  linear  s iloxane  polymer  of  5200  molecular 
weight  and  a  crystalline  material  believed  to  be  l-oxa-2, 12-disiia*2, 2, 12, 12* 
tetramethyl-6, 7,  8-  ( 1 , 7-m  - carboranylene ) cyclododecane.  Polymerization  of 
this  cyclic  compound  was  effected  with  sulfuric  acid  catalyst  to  give  polymer 
of  about  5000  molecular  weight. 


Studies  to  characterize  carborane -siloxane  polymers  for  thermal  and  ther¬ 
mal  oxidative  stability  were  initiated.  Thermogravimetric  analysis  indicated 
that  polymer  of  the  structure 


ch3  ch3 

O  k  (CHj),  CB10H19C  (CH2}j  Si  . 
CH3  CH3 
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fMww  pm**  . . .  1  ‘  i  ;  '  i  ;  ;;  ;  ;  :  !  !  t  :  1 


mmam  mvmc-* 


underwent  thermal  oxidation  and  weight  loss  starting  at  240  C(  about  the 
same  temperature  as  for  polydimethyl siloxaee } .  Weight  loss  due  to  ther¬ 
mal  degradation  in  the  absence  of  oxygen  started  at  3TQ°C .  A  study  was 
initiated  to  determine  the  temperature  of  thermal  rearrangements  in  ear - 
borane - s  sloxane  polymers  that  are  not  manifested  by  weight  changes  but  are 
indicated  by  molecular  weight  changes.  Results  obtained  to  date  on  polymers 
of  the  structure  r 

CH3  CH, 

HO-  *  Si  O  Si  O  -  H 
CH,  {CH,}, 

C  -  CH 

W 


show  this  material  to  undergo  both  polymerisation  was  depolymerization  at 
elevated  temperatures  with  depolymerization  becoming  the  dominant  process 
above  250°C.  The  ease  with  which  this  polymer  thermally  rearranges  is 
attributed  to  its  ability  to  form  cyclics  analogous  to  poiydtmelhylsllo3ca.nc, 
Greater  thermal  stability  is  anticipated  for  the  polymer  containing  carborane 
in  the  backbone  due  to  its  relative  inability  to  £&?. m  cyclic  degradation  products. 
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